C ardiovascular events such as stroke, myocardial infarction, and sudden death have their greatest prevalence in the first part of the morning. [1] [2] [3] [4] This has a pathophysiological explanation because transition from sleep to the wakefulness state is associated with an array of bodily modifications that have adverse effects on the cardiovascular system, that is, a marked and steep increase of blood pressure (BP) and heart rate, 5 a sympathetic activation and thus an increase of plasma catecholamines, 6, 7 an increase of platelet adhesiveness, 8 and a reduction of fibrinolytic activity. 9 Two studies performed in Japan have reported the morning BP increase to be related to the incidence of hemorrhagic and thrombotic strokes, 10, 11 thereby concluding that this increase has a role in the cardiovascular risk elevation that accompanies the sleep-wakefulness transition. However, this is far from being conclusively documented because both studies could only count on a relatively small number of events, which means that a chance finding cannot be completely excluded Furthermore, no independent association of the morning BP rise with cardiovascular morbidity or mortality has more recently been observed in another study performed in a white population. 12 In the present study, we have examined the association of the morning BP rise with cardiovascular and all-cause mortality in a population sample which was followed for 16 years, thus allowing the prognostic importance of this phenomenon to be examined over a time span never covered by previous studies. We also examined whether the morning BP rise predicted the long-term risk of developing left ventricular hypertrophy and thus favored progression to a condition of an organ damage-dependent high cardiovascular risk. 13, 14 Attention was specifically devoted to the correlation of the morning BP rise with various indices of 24-hour BP variability to see whether it represents a peculiar phenomenon or it Abstract-Cardiovascular events have their greatest prevalence in the early morning period. Whether this is attributable to an arousal-dependent blood pressure (BP) increase is far from being clear. It is also not clear to what extent this phenomenon reflects overall 24-hour BP variability. In 2051 subjects (aged 25-74 years) representative of the population of Monza (Italy), we measured 24-hour ambulatory systolic BP (SBP) and calculated the difference between the 2-hour average values after morning arousal and the lowest 3 or average 2-hour values before arousal (morning BP surge 1 and 2, respectively). For either measure, we sought the relationship with a variety of indices of 24-hour SBP variability and collected information on (1) the occurrence of cardiovascular and all cause deaths during a follow-up of ≈16 years and (2) the appearance of echocardiographic left ventricular hypertrophy after 10 years from the baseline visit. Morning SBP surge 1 was directly related to indices of 24-hour SBP variability, including those made independent on the magnitude of the day-night SBP difference. There was a weak positive relationship between morning SBP surge 1 and the risk of cardiovascular and all-cause death, which disappeared after adjustment for confounders. This was the case also for development of left ventricular hypertrophy. Morning SBP surge 2 was smaller, inconsistently related to 24-hour SBP variability and not at all related to fatal events or new-onset left ventricular hypertrophy. In a white population, morning BP surge was not found to be an independent predictor of cardiovascular death, all-cause death, or development of high cardiovascular risk (as documented by new-onset cardiac damage) even when appropriately assessed by measures that
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is just a reflection of the overall tendency of BP to undergo short-term variations, attributable to these variations its possible adverse prognostic role.
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Methods
Entry Criteria and Measurement Data
The methodology of the Pressioni Arteriose Monitorate E Loro Associazioni (PAMELA) study has been reported in detail elsewhere. 16 Briefly, 3200 individuals, aged from 25 to 74 years, were randomly selected at the beginning of the 90s to be representative of the residents of Monza (Italy). In the subjects enrolled (n=2051), office BP was measured 3 times by a mercury sphygmomanometer after the subject had been sitting for 5 minutes with the arm comfortably supported at the heart level. Ambulatory BP was measured on a working day by a validated device (Spacelabs 90207; Spacelabs, Redmond, WA), the BP readings being spaced by 20 minutes throughout the day and night. The device was applied at the outpatient clinic of the local hospital in the morning, and subjects were then left free to go home, attend their usual activities (to be reported in a diary), and come back to the hospital for device removal the following day. Data collection included the following: (1) a full clinical history and physical examination, including weight, height, and calculation of body surface area and mass index; (2) serum cholesterol, high-density lipoprotein cholesterol, triglycerides (enzymatic method), and glucose (standard glucose oxidase method) obtained from a venous blood sample; and (3) echocardiographic left ventricular wall and diameter values, which were used to calculate left ventricular mass. 17 All measurements were taken at baseline (1991-1993) and 10 years later. The subjects were followed for occurrence of fatal events until September 2008. Death certificates were coded using the International Classification of Diseases and Causes of Death, Tenth Revision.
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Data Analysis
Each 24-hour ambulatory BP recording was edited for artifacts according to preselected criteria. 19 Only recordings in which valid readings were ≥70% of the expected number were used. Morning arousal was identified by the steep increase of BP values after crosschecking with subject's diary, and the morning BP surge was quantified by the 2 methods described by Kario et al, 10 that is, by the average of systolic BP (SBP) during the 2 hours immediately after awakening minus (1) the average of the 3 SBP readings centered around the lowest night SBP value (morning SBP surge 1) or (2) the 2 hours immediately before awakening (morning SBP surge 2). Other calculations provided the 24-hour average SBP, the day-night SBP difference, and several measures of 24-hour BP variability, that is, (1) the SD of the 24-hour mean SBP; (2) the 24-hour SD of SBP after adjustment for the day-night SBP difference (weighted SD) 20 ; (3) the SD of SBP, separately for the day and night; and (4) the residual or erratic SBP variability, that is, the 24-hour SD of SBP which could not be explained by cyclic SBP variability as detected by Fourier analysis of the 24-hour BP tracing. 13 Both morning SBP surges were (1) tested for the normality of the distribution in the population (Shapiro-Wilk test) and (2) correlated with each 24-hour BP variability measure (Pearson correlation coefficient). Their prognostic values were assessed in a multiple fashion. One, cumulative all-cause and cardiovascular mortality with morning SBP 1 and 2 above and below the median value were descriptively represented by means of the Kaplan-Meier curves. The log-rank test was used to test the difference between the 2 curves. Two, the hazard ratio of cardiovascular and all-cause mortality for an increase of morning SBP surge 1 or 2 was calculated by the Cox proportional hazard model, using unadjusted data, after adjustment for age and sex and after further adjustment for other BP variables of documented adverse prognostic significance such as 24-hour mean SBP and SBP variability. 21, 22 The same approach was used to compare the risk of all-cause or cardiovascular mortality in the 10th and 90th percentile of the morning BP surge 1 or 2. Three, using the Cox proportional hazard model with the stepwise selection method, morning BP surge 1 and 2 were included as independent variables in a multivariable analysis together with other 24-hour BP values (mean, variability, and day-night difference) as well as demographic, metabolic (lipid profile, serum glucose, and body mass index), and history-derived data (previous cardiovascular events, diabetes mellitus, antihypertensive drug treatment), the dependent variable being cardiovascular or all-cause mortality. Four, all previous independent variables plus left ventricular mass index at baseline were included in another multivariable analysis that had new-onset left ventricular hypertrophy after 10 years as the dependent one. New-onset left ventricular hypertrophy was defined as a ventricular mass indexed for body surface area ≥114 g/m 2 in men and ≥99 g/m 2 in women at the second examination in subjects with a normal left ventricular mass index at the first one. 23 All analyses were done using the SAS software. The symbol ± refers to the SD of the mean. A P value of <0.05 was considered as statistically significant.
Results
Ambulatory BP recordings suitable for analysis were obtained in 2011 individuals. The number of valid readings was 95.9% of the expected readings, with an average of 2.9 valid readings per hour. During a 16-year follow-up, there were 334 deaths, of which 106 were of a cardiovascular nature (25 strokes, 40 coronary heart diseases, 10 heart failures, and 31 other cardiovascular causes). The demographic and clinical baseline values of the subjects enrolled in the study are shown in Table 1 .
As shown in Figure 1 , morning SBP surge 1 and 2 exhibited a normal distribution, the former being almost twice as large as the latter. Compared with morning SBP 1, morning SBP surge 2 showed slightly higher values in men than in women (P<0.05). Compared with morning BP surge 2, morning SBP surge 1 showed a closer relationship with age and a more constant relationship with other BP variables (24-hour mean BP, day-night BP difference, and other measures of BP variability; Figure 2 ). Data were similar when separately analyzed in (Table S1 in the online-only Data Supplement).
The relationships of morning SBP surge with cardiovascular mortality, all-cause mortality, and new-onset left ventricular hypertrophy are shown in Figures 3 and 4 and Tables 2 and 3. Figure 3 shows that the cumulative cardiovascular and all-cause mortality was similar for different values of morning SBP surge 2 but greater in subjects with morning SBP surge 1 above than below the median value, the separation of the curves occurring after ≈5.5 years for the former and 8.0 years for the latter event. Morning SBP surge 1 (but not morning BP surge 2) showed a weak positive relationship with the risk of cardiovascular or all-cause death, which disappeared after adjustment for covariates (Figure 4) . Neither morning SBP surge 1 nor morning SBP surge 2 showed a relationship with cardiovascular or all-cause death in the multivariable analysis that disclosed age, sex, positive history of cardiovascular events, weighted SBP variability and age, history of cardiovascular events, sex, and 24-hour mean SBP as the only independent predictors of all-cause and cardiovascular death (Table 2) . No difference in the adjusted risk of all-cause or cardiovascular death was seen also when the 10th and 90th percentile of morning SBP surge 1 and 2 were compared (Table 3) .
Neither morning BP surge 1 nor morning BP surge 2 was among the independent predictors of new-onset left ventricular hypertrophy (n=243), which was independently related only to age, baseline left ventricular mass, male sex, and 24-hour mean BP instead (Table 4) .
Discussion
The aim of the present study was to examine the long-term prognostic value of the morning BP surge in a general population. The results show that when data were adjusted for confounders, morning BP surge did not bear any significant relationship with the risk of cardiovascular or all-cause death during an average time span of ≈16 years. It further shows that for either cardiovascular or all-cause death, the morning BP surge was not among the variables that independently predicted these events, at variance from other ambulatory BP phenomena such as 24-hour average BP or BP variability. It finally shows that morning BP surge is also not an independent predictor of the development of left ventricular hypertrophy, that is, an organ damage of proven prognostic significance. 24 This scores against the role of the BP increase from sleep to the wakefulness as a cardiovascular risk factor.
Our data are not in line with the observations of an independent association between the morning BP surge and cardiovascular risk. 10, 11 This cannot be ascribed to a different approach to the morning BP surge definition or quantification because, to allow between studies comparisons, the same methods used in the previous positive studies were used. There is, on the contrary, an agreement between our negative conclusion and the results of a recent study on another Italian population, which has also reported the morning BP surge not to be independently associated with cardiovascular risk. 12 At present, there is no explanation for these discrepancies, except for the possibility, supported by subgroup analysis, that different ethnicities play a role. 25 That is, that the morning BP rise Our study provides a description of some characteristics of the morning BP surge that have to date been ill defined at the population level. First, at the population level, the morning BP surge shows a normal distribution, which means that use of cutoff values to categorize the normality or abnormality of this phenomenon 10, 26 is somewhat arbitrary. Second, confirming the results of a recent study, 12 the morning BP surge was related to the day-night BP difference. It was also related, however, to 24-hour BP variability, this being the case when variability was quantified not just by the SD around the 24-hour mean value (a quantification heavily influenced by the day-night BP difference) but also when variability indices independent on nocturnal hypotension (the weighted BP SD, the day or night BP SD, or the noncyclic or erratic components of BP variability) were considered. Thus, rather than having a specific significance, the morning BP surge appears to be a reflection of the overall tendency of BP to show more prolonged and short-lasting variations within the 24 hours, that is, when the tendency of BP to vary throughout the day and night is greater so is the morning BP surge and vice versa. This relationship was not taken into account by a recent article that reported that a morning BP surge in the 10th highest percentile independently predicted cardiovascular, cardiac, and coronary events without testing whether the predictive value disappeared after inclusion in the multivariable analysis of indices of overall BP variability. 27 Third, in our population, the magnitude of the morning BP surge correlated also with the 24-hour mean BP level and age. Interestingly, also 24-hour BP variability has been found to increase with age and baseline BP, 28 which further supports the conclusion that its size includes and reflects the increase of BP of the morning arousal. Finally, calculation of the morning BP surge, by the lowest night BP values (morning BP surge 1), showed a better correlation with the other 24-hour BP phenomena (as Hazard ratios (HRs) of a 1-SD increase of morning systolic blood pressure (SBP) surge 1 (upper) and 2 (lower) for cardiovascular (CV; left) and all-cause death (right) in the study population. Unadjusted (triangles), age-and sexadjusted (squares), and age-, sex-, 24-hour SBP mean-, SBP weighted SD-, history of CV events-, antihypertensive treatment-, serum cholesterol-, blood glucose-, body mass index-, smoking habitsadjusted (circles) data are shown. CI 95% indicates 95% confidence interval. November 2014 well as with age) than calculation of the morning BP surge by averaging the immediate prewakefulness values (morning BP surge 2). This likely depends on the fact that, by averaging 2-hour night-time BP values, the latter method underestimates the true low level of preweakening BP, thereby introducing an error in the quantification of the morning BP surge phenomenon. Thus, it seems clear that to properly study this phenomenon, the method defined as morning BP surge 1 is preferable.
Our study has limitations. First, given its observational nature, the study could not provide precise information on factors that could have interfered with the results, such as the extent and nature of protective cardiovascular drug treatment. Second, because in Italy the average cardiovascular risk profile is lower than in several other European countries, the number of cardiovascular events that occurred during the long-term follow-up was relatively small, limiting the power of the study to show differences. The low number of events also makes it impossible to expand the analysis of the data to subgroups, thereby addressing an important question such as whether the morning BP surge may be prognostically different in young versus elderly patients or in early versus more advanced hypertensive stages. Third, our study was based on overall cardiovascular fatal events, and we can thus not exclude that the BP increase that occurs from morning sleep to wakefulness has a role in favoring or determining nonlethal or otherwise less severe events as well as events of a specific nature. This would be consistent with the observation 10, 11 that in Japanese patients the morning BP rise was related to the risk of nonfatal stroke and silent cerebrovascular events. 29 Finally, automatic BP readings spaced by 20 minutes such as those used in the methods of our study cannot satisfactorily capture a highly dynamic phenomenon such as the increase in BP from sleep to wakefulness, which takes place in a matter of 1 to 2 minutes. [30] [31] [32] This requires intra-arterial or noninvasive beat-to-beat BP monitoring, an approach that is not feasible in large numbers of individuals or in the population. Whether the sharp marked BP increase associated with arousal favors, via factors such as a sudden rise in cardiac load, acute increase of cardiac oxygen demand or rupture of an instable plaque remains to a large degree unknown.
Perspectives
The results of our study suggest that in white populations the morning BP surge is not an independent predictor of fatal cardiovascular events or all-cause death. No independent role is played by this factor also in the development of a high cardiovascular risk condition, as identified by the appearance of left ventricular hypertrophy. The morning BP surge appears to be an epiphenomenon of 24-hour BP variability, and its inability to have a negative prognostic impact (at variance from the evidence for overall 24-hour variability) being probably attributable to the fact that it represents only a small fraction of the BP variations that occur during the day and night.
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